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This  iv^terinL  report"  has- .red  in -response- to  a  numbe^^^  of  requodts- 
for  electrical  properties  Infoniiatic  t'l.  titanium  and  its  alloys.  It  does  hot., 
however,  represent  a  comprehensive  search  .of  the  iiteratvire,  but  does  represent 
a  fairly  useful  collection  of  data  *' xu  design  purposes . 

Titanium  has  proven  itself  tc  '  e  a  very  versatile  metal  (in  the.  unalloyed 
as  well  as  alloyed  condition)  for  Jth  military  aiid  non-miUtary  appld cations. 
Commercially -pure  titanium  and  tLt.  various  titanium  alloys  offer  a  range  of 
mechanical  properties  that  make  .lem;  ideal  for  varied,  applications  .such  as 
corrosive- fluid  pump  shafts,  cryii  enic  storage  vessels,  rocket  engine  cases,., 
heat-exchangers,  jet  engine  coi..pt>vSsqr  Wheels,  blades  and  spacers,  dirframe 
skins  and  structures  ( the  Supers onie  .Transport  Airplane  Design  makes  exten^ve 
use  of  titanium  and  its  alloys',  chlorine  anodes,  saline  water  conversion  units, 
deep  diving  undersea  vehicle!? ,  tank  armor,  .hydrofoil  components,  etc. 

In  some  of  these  above-mentioned  applications i  the  electrical  characteristics 
of  the  metal  and  its  alloys  are  very  important  and  may  be  critical;  especially 
if  a  film  of  titanium  oxide  is  involved.  A  titanium  oxide  film  is  insulating  and 
can  have  a  rectifying  action. 

The  following  table  compares  the  electrical  resistivity  of  pure  ti.tai:i.um 
with  other  pure  metals;  (at  room  temperature): 


Titanium 

Magnesium 

Aluminum 

Iron 

Copper 


47.8  microhm- cm 
4.6  " 

2.824  " 

10.0  " 

1.724  " 


Because  of  the  wide  variety  of  titanium  alloys  which  >iave  been  developed 
to  date  and  their  varied  designations  or  codes,  a  chart  or  table  listing  the 
code  designation  and  approximate  chemical  composit.ion  is  also  incorpoi’ated  herein. 
Unfortunately,  it  does  not  list  every  commercially  available  alloy. 

A  few  typical  graphs  are  included  herein  to  show  the  effect  of  alloying  on 
the  electrical  resistivity  of  titanium  and  their  variation  with  temperature. 

The  electrical  properties  of  titanium  at  cryogenic  temperatures  are  also  enclosed 
in  another  set  of  curves.  One  reason  for  the  wide  scattei  in  property  data  point;. 


.  j 


■  ig?'.:elie  ifeffect.idf,  ihcerstiiilal.  Impurity’ ele^nts;  such  <as  hitrogen./pxygln  whjtcli  ace' 
::easiiy'4,is's6ive4\dh/th^  'titanium-,  ia-ttice -because  ,of  ^the  ige.t-tering:  ehar4^tasis#c  /' 
6^  tiitaniiiii.  ,  Hence  j.  ^he  amount  of  tcontrol  exercised 'by  each  manufaotUrer  yi^^^ 
regard  to,  the;. gaseous  impuMties-'and  other  meta^ic  element  wili  gciverh  tfe  '  ^ 

.  .resulting  ^electrical  properties  as,  well  as  other  properties ,,;e:.g,,j/hVr3fidh5j;i/^^ , 
jt'ensile  :strength',  etc.  -  ;  5^- =  '4' 


J  ^ 


ti  ■ 


lit- 


A  comprehensive  data  sheet ^covering  all  the  electrical  properties-  of  uitahiun 
an/i  itsr  alloys. ;wi'll  be  started' in  the  near  future.  ' 

A  wealth  of  technical  data  on  the  mechanical,  chemical,  physical,  arid  thermal 
properties  of  titanium  and  its  alloys  can  be  obtained  from  the  Defense  .Metals  IhSor- 
imatioh'  Center,  Battelle  Memorial  Institute,  505  King  Avenue,  Colunibus,  Ohio. 
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SXXCTIUC  RESISTIVITY  —  TITANIUM  ♦  ZIRCONIUM 


"  IT.lUla 

jl^  '  ^  t  &2CTBICAL  REaiS'TIVm  of  lI7AMltM,  Ti 

(Atomic  Kusber  22) 


Source  of  Data; 

Landolt-Bbrnatein  Zahlenyerte  und  Funktloaen  aus  Phj^lki  Cheale^ 
^tro5^^][[^^^^lF]^ff^^ch^57'»«cE5teTK2fIeBe7ir“BlSS7^5fell  # 
8prioger»Verlag|  Bexiltt  (il^$)  pp.  1-U6 

Other  References; 

Claueins,  P.  and  Houbla,  0.)  Fhyaica  I,  24$  (1927) 

Fasti  J*  0«)  Z*  aoorg*  u  allgem.  Chem.’  2|^i  42  (1939) 

Meissneri  V*|  FranZi  H<  and  Westexhoffi  B.;  Ann.  Fhyslk  ($)  ^|  $$$ 
(1932) 

Meissneri  W«  and  Voigti  B<)  Ann.  Riyalk  ($)  Xi  7^i  @92  (1930) 

Comments t 

Beference  should  be  made  to  the  preface  at  the  beginning  of  the 
Sleetrlcal  Heslstlvlty  section  for  an  explanation  of  the  graph.  The 
value  of  electrical  resistivity  at  273 *K  (P273)  titanium  to  be 
used  In  calculating  electrical  resistivity  Is  listed  below  the 
authors'  names  labeling  each  Individual  curve  on  the  graph.  These 
curves  should  not  be  extrapolated  to  lower  temperatures  since  titanium 
becomes  a  superconductor  at  0.39*K. 

Ihe  data  for  this  graph  were  taken  from  the  reference  cited  above 
under  "Soxirce  of  Data".  The  values  taken  from  the  Landolt>Bbmsteln 
tables  are  those  reported  by  the  authors  listed  above  under  "Other 
Beferences".  The  original  authors  are  used  in  labeling  the  three 
curves  on  the  graph. 

The  data  reported  in  the  Landolt^Bbrnstein  tables  are  listed  as  ratios 
of  electrical  rtssietivity  with  'respect  to  the  resistivity  at  a  datum 
temperature,  as  listed  In  the  following  tabular  data.  The  actual 
value  of  Is  not  available  for  the  Meissner,  Franz  and  Westerhoff 
data  so  a  datum  value  reported  by  Fast  (0373  "  ^2.0  x  10"°  ohm-cm) 

•  Is  suggested  for  calculating  values  of  resiatlvity  from  these  ratios. 
Fast  reports  very  small  Impurities  In  the  single  crystal  sample  used 
in  determining  P2*f3* 

The  Londolt-Bttmsteln  tables  list  the  sample  used  by  Clausing  and 
Maubis  as  polycryotoUine  with  0.l6^  tungsten  impurity.  The  sample 
used  by  Meissner  and  Voigt  Is  also  reported  as  of  a  polycrystolllne 
nature  drawn  from  a  melt  with  0.2$^  impurities  of  unknown  type.  The 
sample  used  by  Meissner,  Franz  and  Westerhoff  Is  reported  as  being 
drawn  from  a  melt  with  vexy  small  impurities.  No  comments  w«re  made 
on  the  meohanieal  working  or  heat  treatment  of  the  saaples* 


(Continued  on  following  page.) 
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ftiblec  of  Val\t^as  of  Electrical  ReaiBtlvlty 

.p  «  Resistivity^  (ohm>cm) 

Pg^2  ■  Reslctlvity  at  273 *K|  (ohm-cm) 


ClauslDig  k  Moubls 

Meissner,  Frans 
*  &  Westerhoff 

Tenpt 

•k 

P/P273 

Tenp. 

•K 

P/P273 

78.5 

0.2150 

3.24 

0.102 

90.2 

0.2547 

20.4 

0.1015 

158.5 

0.5178 

79.1 

0.211 

— 

Meissner  k  Voigt 

, 

Temp. 

•K 

p/p273 

; 

, 

1.26 

0.203 

4.21 

0.215 

20.5 

0.2160 

i 

88.2 

0.3505 

I 
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